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Abstract 
The European Geosciences Union brings together geoscientists from all over Europe and the rest of the world, 
covering all disciplines of the earth sciences. This geoscientific inter- and multidisciplinarity is needed to tackle the 
challenges of the future. A major challenge for humankind is to provide adequate and reliable supplies of affordable 
energy and other resources. These should be obtained in environmentally sustainable ways, which is essential for 
economic prosperity, environmental quality and political stability around the world. This issue gives a general 
overview of contributions during the General Assembly 2013 in the division for Energy, Resources & the 
Environment. 
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1. Introduction 
An aim of the division Energy, Resources & the Environment (ERE) at the General Assembly 2013 of 
the European Geosciences Union (EGU) in Vienna, Austria, from 7-12 April was to give an overview of 
the interdisciplinarity inherent within this part of the EGU, which is needed to tackle the challenges of the 
future. Adequate and reliable supplies of affordable energy and other resources are required, obtained in 
environmentally sustainable ways, to provide economic prosperity, environmental quality and political 
stability around the world.  
We set up a programme to investigate our field of studies from a variety of angles. With regard to the 
following themes we received contributions for this issue of Energy Procedia: Energy, CCS – Carbon 
Capture and Storage, Hydrothermal and Mineral Systems - Materials and Elements; Landscape and Land 
Use and others. Of a total of around 400 papers, which were presented in Vienna in almost 20 sessions, 
we have collected here some 60 contributions comprising a variety of topics. 
2. Energy meteorology 
Wind and solar power are the predominant new sources of electrical power in recent years. Solar 
power reached a milestone of providing 50 % of demand in Germany during one hour in 2012, and wind 
power occasionally exceeds 100 % of demand in Denmark. This kind of explosive growth is likely to 
continue in the near future. By their very nature, wind and solar power are dependent on weather and 
climate. Modelling and measurement of both for resource assessment, site selection and operational 
forecasting for a minutes-days time horizon are of paramount importance for the success of wind and 
solar power integration. 
The success of wind power means that wind turbines are increasingly put in sites with complex terrain 
or forests, with towers extending beyond the strict logarithmic profile and offshore regions that are 
difficult to model and where data are scarcer. Major challenges for solar power are accurate 
measurements and the short-term prediction of the spatio-temporal evolution of the cloud field. For both 
solar and wind power, the integration of large amounts of renewable energy into the grid is another 
critical research problem due to the uncertainties linked to their forecast. 
3. Exploration, development and production of geothermal resources 
Energy from deep geothermal resources plays an increasing role in many countries in their efforts to 
enlarge the proportion of renewables in their energy portfolio. Deep geothermal heat and electric power 
have a high load factor, are sustainable and environmentally friendly. Even regions with moderate 
geothermal gradients are today considered to have a high geothermal potential, however, deep drilling is 
required to reach temperatures high enough for economic exploitation of the geothermal reservoir. The 
safe, sustainable and economic development of deep geothermal resources, also in less favourable 
regions, faces a number of issues requiring substantial research efforts: (1) the probability of finding an 
unknown geothermal reservoir has to be improved; (2) drilling methods have to be better adapted and 
developed to the specific needs of geothermal development; (3) the assessment of the geothermal 
potential should provide more reliable and clear guidelines for the development; (4) stimulation methods 
for enhanced geothermal systems have to be refined to increase the success rate and reduce the risk 
associated with induced seismicity; (5) operation and maintenance in aggressive geothermal environments 
require specific solutions for corrosion and scaling problems and last but not least, (6) emerging activities 
to harness energy from supercritical reservoirs would make significant progress with qualified input from 
research.  
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4. Petrophysics of unconventional hydrocarbon reservoirs 
Petrophysics of unconventional reservoirs has become a rapidly expanding discipline in industry and 
academia, mostly as a result of the growing interest in the exploration of this resource. These include for 
instance tight sands, deep unmineable coal seams and deep shale formations. Optimizing the development 
of these unconventional resources, while minimizing their environmental impact, requires a deeper 
understanding of the coupled physico-chemical and mechanical processes that take place during their 
exploitation. The latter might make use of stimulation techniques, such as hydraulic fracturing and gas 
injection, thus adding complexity to the whole operation. 
5. Aspects of sustainable biomass utilization for energy and industrial raw materials 
Biomass was once the major source of energy until the industrial revolution in the midst of the 19th 
century and the total amount of bioenergy utilized for energy production is yearly growing. Soils as the 
primary resource for the production of these renewable forms of energy are not renewable which implies 
the need of sustainable management. Fertilization and potential greenhouse gas emissions, water 
management (irrigation) and other ecological concerns (e.g. biodiversity) have to be considered. Concepts 
such as (virtual) water or carbon footprint assessment could deliver a wider understanding of the potential 
impacts. A sustainable efficiency enhancement is inevitable, in particular in developing countries, as the 
potential to convert additional land for agriculture is limited and the long-term impact on soil fertility has 
to be considered. 
Woody biomass from forests supplied thermal energy for nearly all industrial processes and for 
domestic needs. Extensive utilization of forest biomass led to wide-spread vast deforestations with a 
number of negative consequences, for instance soil erosion, biodiversity loss and pollution of clean water 
reserves. Affected ecosystems recovered slowly after increasing utilization of fossil energy sources. 
However, recovery may be very slow (up to several millennia), and hence, some effects of intensive 
biomass extraction, like soil acidification for instance, are still detectable. 
Biomass from various sources such as forests, short rotation woody crops and agriculture recently 
received increased attention. Agricultural crops are worldwide seen as an alternative resource of energy 
and as raw materials for industrial processes (e.g. in the production of starch products and bioplastic, 
“second-generation products”). New approaches of thermal utilization of biomass (e.g. torrefacation, 
pyrolysis) are emerging and have the potential to further decrease CO2 emissions (e.g. through biochar 
amendment in soils). 
6. Sustainability transitions of the socio-ecologic system 
The world is facing overwhelming challenges with implications on the socio-economic performance 
and the quality of life around the planet. New solutions are needed to prevent, overcome or mitigate the 
turmoil processes caused by global change, resources exhaustion and the procession of induced socio-
economic impacts. 
Future challenges for global sustainability address the impact of human actions on environmental 
changes and ask how these changes affect human well-being. The problem is closely connected to a 
transition of the socio-ecological system. It is important to describe, characterize and model transitions of 
the complex system consisting of social, economic or ecologic components. Special attention is devoted 
to the interactions of the socio-economic system and the variables that help to understand the relevant 
transition processes. Of particular interest within this framework are the geosciences required to 
understand these complex transitions.  
4   Michael Kühn et al. /  Energy Procedia  40 ( 2013 )  1 – 5 
7. Geo-energy 
One of the pressing challenges for the 21st century is a secure, sustainable and economical energy 
supply at simultaneous mitigation of its climate impact. Besides a switch to renewable energy resources, 
the exploration and exploitation of new, unconventional energy resources will play a major role as will 
the further use of fossil fuels. With the switch to renewable energies the question of geological energy 
storage will become an important topic whereas further use of fossil fuels requires strategies like carbon, 
capture and storage to reduce its negative climate impacts. These different aspects of “geo-energy” create 
complementary or competitive requirements on the subsurface and its use. It is therefore essential to treat 
the subsurface as a geo-resource of its own right. 
8. CCS – Carbon Capture and Storage 
Subsurface flow of CO2 through saline and hydrocarbon reservoirs exhibits distinct phase behaviour, 
chemical reactivity, and petrophysical flow properties relative to other systems that have been extensively 
studied in the fields of petroleum engineering, groundwater hydrology, and contaminant transport. 
Experimental investigations are critical for the development of accurate simulations of CO2 flow and 
trapping in the subsurface. Modelling of CO2 storage sites is required for the efficient and secure 
operation as well as the assessment of site-specific risks. Geophysical methods play a key role for the 
non-invasive investigation and the spatial and temporal characterization of underground CO2 storage 
sites. Estimates of storage capacity and the detection of potential leakage paths before the injection as 
well as time-lapse monitoring of the CO2 plume in the subsurface during and after injection are 
mandatory key tasks to be performed. Monitoring, in the operational as well as in the post-operational 
phase of a storage site, has to demonstrate that the site behaves according to the predictions and is 
developing towards a stable state. Monitoring methods need to consider the different challenges posed in 
the various operational phases of a storage site. 
9. Sustainability of traditional construction materials in modern society 
Construction materials (natural stone, aggregates, bricks, cement, lime, etc.) form a wide and 
heterogeneous group (both from the genetic and technological point of view) which deserve attention 
from the scientific community due to their long-term use, importance for the society and sensitivity to the 
environment. Most of the geo-materials have been used also in important monuments of the World 
Cultural Heritage. However, our knowledge of many aspects of these materials is still rather limited. 
Topics followed up within this context are the characterisation of traditional raw materials and their 
products, such as natural stone, crushed stone, sands and gravels, clay, inorganic binders (lime, natural 
cements and hydraulic limes), the recovery of traditional and historic knowledge of their processing and 
use, the assessment of stability (durability) problems associated to long-term exposure of these materials 
in the antroposphere, the study of interactions and material compatibility between traditional construction 
materials and modern restoration products or the availability of traditional materials in modern society, 
including comparative studies between small-scale production of materials (e.g. natural cement) and 
large-scale industrial processing.  
10. Ecosystem resilience and adaptation to energy technologies 
We are observing unprecedented growth in energy consumption prompted by both increased demand 
per capita and increased population growth. Providing sustainable energy for all is one of the great 
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challenges the world faces today. Given the important services terrestrial and aquatic ecosystems provide, 
it is essential that energy production has minimal detrimental and maximal beneficial effects on 
ecosystem function. Energy production may have direct, for example through changing river flow, or 
indirect, for example through perturbation of the local climate, effects on ecosystems.  
11. Measurement of greenhouse gases at the urban scale 
Measuring greenhouse gas (GHG) emissions from urban centres is quickly growing interest in Europe 
and the US. This work is being driven by the fact that the identification and quantification of GHG 
emissions can be used to incentivise changes in transportation and land use patterns, critical information 
if government policy makers are to make informed decisions. Interest in measuring GHG emissions at the 
urban scale focuses on utilizing a variety of measurement tools, including networks of analysers, aircraft 
measurements, measurements from vehicles, flux measurements, just to name a few. 
12. Faulted and fractured reservoirs: structure and uncertainty, mechanics, reactions and flow 
The effects of opening-mode-fracture and fault systems on subsurface fluid migration depend on the 
aggregate characteristics of the fractures, including fracture size, openness, connectivity and spatial 
arrangement along and across stratigraphy. Such characteristics can vary widely, depending on the 
mechanical properties of the host material, the history of applied stresses, the fluid chemical environment, 
and the presence of pre-existing fractures or other rock-fabric features during fracture growth. Moreover, 
characterisation of fractured and faulted reservoirs is hindered by various sources of uncertainty.  
13. Conclusions 
The ERE division of the EGU is concerned with one of humankind’s greatest challenges: providing 
sustainably harvested, reliable, and adequate supplies of affordable energy and other resources. 
Overcoming this challenge is essential to ensure the world’s economic prosperity, environmental quality 
and political stability. The need for answers to these interconnected challenges of energy, resources and 
the environment is what drives our work.  
The ERE division† provided an interdisciplinary and in depth programme for the EGU’s General 
Assembly 2013‡ of which a collection of contributions is assembled within this issue covering the topics 
described above.  
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